Disentangling cellular proliferation and differentiation in the embryonic stem cell test, and its impact on the experimental protocol.
The mouse embryonic stem cell test (EST) was designed to predict embryotoxicity based on the inhibition of the differentiation of embryonic stem cells (ESC) into beating cardiomyocytes in combination with cytotoxicity data in monolayer ESC cultures and 3T3 cells. In the present study, we have tested a diverse group of chemicals in the EST, applying different exposure durations, in an attempt to discriminate between effects on proliferation and differentiation within the EST protocol. Chemicals tested were monobutyl phthalate (MBP), 6-aminonicotinamide (6-AN), 5-fluorouracil (5-FU) and 5-bromo-2'-deoxyuridine (BrdU). We showed that 5-FU and BrdU behaved principally different from MBP and 6-AN. 5-FU and BrdU specifically affected cell proliferation during the first three days of the EST protocol, as shown by EB size, protein concentration and cell cycle stage analysis. In addition, we studied the differentiation state of cells in the EST protocol with time to elucidate the transition of pluripotent ESC to more differentiated cell types. Analysis by flow cytometry of the pluripotency marker SSEA-1 in EST showed that although total SSEA-1 positive cells remained unchanged up to and including day 5, the signal intensity already decreased from day 3 onwards. Furthermore, RT-PCR data showed an upregulation of the mesodermal marker T at day 3, whereas the cardiac muscle marker Myh6 was upregulated from day 5 onwards. These findings confirm that proliferation and differentiation of ESC in the EST are highly intertwined processes. Based on these findings we suggest an amended EST protocol which could more clearly discriminate between proliferation and differentiation effects of chemicals within the same EST differentiation protocol. This proposal includes a cytotoxicity assessment in EB at day 3 of the EST after day 0-3 exposure, and cardiac muscle foci counts after exposure from day 3-10 in the EST.